The purpose of this study was to evaluate the effect of dentin depth and tubule direction on the ultimate tensile strength (UTS) of human dentin. Dentin slabs of 0.5-mm thickness were trimmed either from the mesial and distal (for specimens with the tubules parallel to the tensile force; parallel group) or from the occlusal and pulpal surfaces (perpendicular group) to reduce the cross-sectional area of the superficial, middle, and deep regions to 0.25mm2, and subjected to microtensile testing. From SEM photomicrographs of the fractured specimens of the parallel group, the tubule density was investigated. For both parallel and perpendicular groups, superficial dentin showed a significantly higher UTS than deep dentin. The tubule density of superficial dentin was significantly lower than that of middle and deep dentin. When performing the microtensile bond test to deep dentin, it is possible that cohesive failure of dentin can occur at relatively low tensile stresses.
INTRODUCTION
Bond strength measurements provide very important screening information of experimental or new products and on the effectiveness of bonding procedures or techniques.
With the high bond strengths of current adhesive systems, it is often difficult to measure the true interfacial bond strength to dentin because a high percentage of cohesive fracture within dentin was observed when using a conventional testing method1-3). Stress concentration at the adhesive interface during testing often causes non-uniform stress distribution around the adhesive interface4-7) that leads to cohesive failure of dentin at relatively low applied stresses. The development of microtensile bond strength testing has helped to avoid such cohesive fractures within dentin8,9). Microtensile testing is believed to create more uniform stress distribution and to result in fewer cohesive fractures of dentin during resin-dentin bond testing.
Moreover, it is very useful as a material screening test10-12), testing resin bonds to abnormal dentin13,14), and evaluating the bond strength when resins are placed in clinically relevant 3-D cavity wall15,16). This testing methodology also makes it possible to evaluate the long-term durability of dentin bonding in vivo17-19) and in vitro20,21). Thus, the utility of the microtensile test was recognized and the testing method has spread world-wide.
Recent improvements in new bonding systems have resulted in higher bond strength than previous versions. In the last decade, the microtensile bond test should have reduced the incidence of cohesive failure in dentin with these high bond strengths, compared with conventional testing methods. Sano et al.8,22) measured the ultimate tensile strength (UTS) of human coronal dentin, and found that it was significantly greater than resin-dentin bond strengths obtained using the microtensile bond testing (i.e., dentin UTS of more than 100MPa vs. resin-dentin bond strengths ranged from 30 to 60MPa).
However, some recent studies reported cohesive failures in dentin using the microtensile bond testing12,15,17,23,24), but few studies specified the depth of dentin or the direction of dentinal tubules relative to the direction of loading.
Smith and Cooper25), using a micro-punch method, reported the shear strengths of dentin ranged from 39MPa (near the pulp) to 131MPa (near the dentino-enamel junction). Watanabe et al.26) reported the anisotropy of the dentin shear strength regarding the tubule orientation and site of dentin tested.
However, the use of the shear test to evaluate bond strength and mechanical properties has been criticized because of the non-uniform stress distribution and flow6,9). Testing in tension, with small surface areas, has become more popular as researchers could measure resindentin bond strengths with greater reliability3,7). Recent studies also demonstrated the anisotropy of the tensile strength of dentin27-31) using bovine or human dentin. Moreover, Kinney et al.32) demonstrated that the hardness and modulus of the intertubular dentin were lower in the inner dentin than in the outer dentin.
Since dentin is not a uniform substrate, bonding to dentin with low regional cohesive strength might cause cohesive failures within dentin during tensile bond testing. Therefore, it is of significant importance to test the ultimate tensile strength of dentin from different sites of dentin. The purpose of the present study was to evaluate the effect of dentin depth and the direction of tubules on the ultimate strength of dentin tested in tension. Fig. 1 Schematic drawing of specimen preparation procedures for ultimate tensile strength. Extracted human tooth was sectioned parallel to the long axis of the tooth (A) and two or three dentin slabs of 0.5-mm thickness were obtained (B). Each slab was gently trimmed either from the mesial and distal (C) or from the occlusal and pulpal surfaces (D).
The slabs trimmed from the mesial and distal aspects were used as specimens to test the strength of dentin with the tubules parallel to the applied force. The slabs trimmed from the occlusal and pulpal surfaces were used to test the strength of dentin with the tubules perpendicular to the applied force. 
